Introduction
The newly fertilized egg receives genetic contribution from both parents. At a specific cleavage stage of preimplantation development, i.e. the 2-cell stage for the mouse embryo (Flach et ai, 1982) and the 8-to 16-cell stage for the bovine embryo (King et ai, 1988) , the embryonic genome is activated to synthesize a new set of proteins different from those encoded by maternally derived messages that accumulated in the oocyte during oogénesis. The new set of proteins includes those of the paternal haplotypes such as ß2-microglobulin (Sawicki et ai, 1981) . The ontogeny of expression of the major histocompatibility complex (MHC) antigens on placental tissues has been controversial. This question is central to the understanding of immunological interactions between the mother and fetus because MHC antigens are molecules that confer antigenicity and mediate immunological recognition between self and non-self. The fetus expresses MHC antigens of both the maternal and paternal haplotypes and is thus semi-allogeneic to the mother; intrauterine grafting of fetal skin tissues to the mother results in transplantation rejection (Beer & Billingham, 1974) . Studies of the mouse have shown that MHC antigens are expressed on preimplantation embryos from the 8-cell stage onwards, disappear from the trophoblast during the peri-implantation period, and are again found in the spongiotrophoblast region (Head et ai, 1987; review) . In the human placenta, class I antigens are not detected on the syncytiotrophoblast which forms the main exchange area with maternal blood (Montgomery & Lala, 1983; Redman et ai, 1984) , but the cytotrophoblast surrounding the fetus has been reported to express a truncated form of class I antigens (Ellis et ai, 1986) .
Compared to the haemochorial placenta, contact between fetal trophoblast and maternal blood is less intimate in the non-invasive epitheliochorial placenta of ungulates. Chorionic binucleate cells migrate to fuse with maternal uterine epithelium but never penetrate beyond the basal membrane (King & Atkinson, 1987) . The immune system of the cow does become sensitized against fetal antigens, however, since pregnancy leads to generation of antibodies reactive against paternal MHC antigens in the maternal blood (Hines & Newman, 1977; Newman & Hines, 1980 (Ford & Elves, 1974; Stear & Spooner, 1983 (Hines & Newman, 1977) and are present with increasing frequencies towards the end of gestation and during the early post-partum period (Newman & Hines, 1980 ai, 1989) . The clones used in the present study have been shown to cross-react with the bovine antigens (Maddox et ai, 1985; Emery et ai, 1987) . To show cross-reactivity between antigens expressed on leucocytes and those present on uterine and placental tissues, preabsorption of antibodies against bovine mononuclear leucocytes was performed by incubating 100 pi hybridoma supernatants with 1-5 IO8 packed cells for 12 h at 4°C before the antibodies were used in immunohistochemistry. Leucocytes were isolated from peripheral blood by Ficoll density gradients as previously described (Low & Hansen, 1988 (Fig. 2a) Labelling with the SBU-LCA antibody resulted in cells staining positive for leucocyte common antigen (CD45) within and directly beneath the luminal epithelium of the uterine endometrium (Fig. 2b) . Numerous positive cells were also observed to be dispersed around uterine glands. The antibody also had some diffuse and generalized binding to the uterine stroma which was probably non-specific. There was no apparent effect of gestation on the labelling patterns of CD45-positive cells in the uterus. For placental tissues, some CD45-positive cells were observed in the allantois of late gestation placenta and were not present in other parts of the chorioallantoic membranes or at mid-gestation. Preabsorption of the antibody with 1 10s leucocytes completely abrogated the labelling for CD45. Expression of MHC antigens and leucocyte infiltration in the placentome MHC class I antigens were localized to the maternal caruncular septa but were consistently absent in the fetal cotyledonary villi at both stages of gestation examined (Fig. 3a) . Fetal cotyledonary villi were also devoid of class II antigens. Labelling for class II antigens in the maternal caruncular tissue was limited to a few isolated cells around some blood vessels (Fig. 3b) . Some CD45-positive cells were randomly distributed in the maternal caruncular septa (Fig. 3c) (Crump et ai, 1987) , human (Hsi et ai, 1984; Redman et ai, 1984) and mouse (Singh et ai, 1983) . Like the human and mouse, the fetal trophoblast of the cow is less antigenic where contact with maternal blood is most intimate. This is in contrast to the horse, in which expression of class I antigens is confined to cells of the chorionic girdle which invade the endometrium to form endometrial cups (Crump et ai, 1987) and is followed by a strong cytotoxic antibody response against fetal antigens (Antczak et ai, 1984) .
Differential expression of class I antigens in the human placenta parallels the presence of class I mRNA in different parts of the trophoblast, i.e. only the cytotrophoblast contains message (Hunt et ai, 1988) . The class I-negative villous trophoblast resists the inductive actions of gammainterferon (Hunt et ai, 1987) , a molecule capable of enhancing transcription for HLA-specific mRNA and expression of class I antigens on tissues that bear low levels of these antigens. The significance of this intrinsic inability to express class I antigens on portions of the trophoblast in close proximity with maternal blood may be related to resistance of trophoblast against lysis by cytotoxic cells (Hunt et ai, 1987) . Furthermore, MHC class I molecules that are expressed by the fetal trophoblast cells may be different from the classical transplantation antigens present in most other tissues. In human cytotrophoblast, class I antigens are recognized by the antibody W6/32 which recognizes monomorphic determinants of class I antigens, but not by antibodies directed against polymorphic epitopes (Redman et ai, 1984) . It has been reported that the antigens detected by W6/32 on the human and baboon placenta were truncated or altered forms of class I antigens (Ellis et ai, 1986; Stern et ai, 1987) . Expression of a non-classical MHC molecule on the tropho¬ blast may be one of the mechanisms by which transplantation rejection is avoided while allowing other types of cell-cell interactions mediated by MHC antigens to occur at the maternal-fetal interface (Head et ai, 1987; review) . In this respect, it would be of great interest to study the molecular characteristics of MHC antigens expressed on the bovine placenta. Anti-lymphocyte antibodies generated in primigravid heifers are generally polyspecific (Newman & Antczak, 1983) .
Day 7 bovine blastocysts that had been cultured in vitro for 24-48 h until hatching showed positive immunolabelling for class I antigens, although the level of expression appeared to be less than that of peripheral leucocytes. We do not know whether this expression was constitutive or could have been induced by in-vitro culture. However, expression of class I antigens on Day 7 bovine embryos has been reported (Templeton et ai, 1987) . ß2-Microglobulin, which noncovalently associates with class I molecules, has been detected on pig blastocysts (Meziou et ai, 1983) . Although the number of cow placentae examined was small and tissue preservation was less than ideal, we observed that there appeared to be an increase in the expression of class I antigens on the chorionic epithelium within the interplacentomal region with advancing gestation as immuno¬ staining was detected more consistently on placentae of late gestation. Increased antigenicity of the bovine trophoblast with advancing gestation age may serve to sensitize the maternal immune system, since the pattern of MHC expression we observed correlates with the temporal appearance of anti-paternal antibodies in the maternal blood. The antibodies are first detected at around Day 150 of gestation (Hines & Newman, 1977) and become more prevalent towards the end of gestation and during the post-partum period (Newman & Hines, 1980) . In contrast to the cow, no expression of MHC antigens was detectable in the sheep placenta at any point during gestation in immunohistochemical studies using the same SBU antibodies as those used in the present study (GogolinEwens et ai, 1989) . Perhaps the sheep differs from the cow in the regulation of placental MHC antigens or there may be differences in the specificities of the SBU-I antibody and its ability to recognize altered forms of the class I molecules.
One striking observation on the pattern of leucocytic infiltration in the uterus was that numerous maternal lymphoid cells expressing MHC class II antigen and CD45 accumulated in the intercaruncular endometrium. In the placentome, in contrast, where fetal cotyledonary villi had no detectable expression of class I antigens, few lymphoid cells resided in the maternal caruncular septa. Apart from discrete staining on lymphoid cells, the SBU-LCA antibody also gave a generalized staining on maternal stroma of both caruncular and intercaruncular regions. This diffuse staining most probably represented non-specific binding of the antibody to tissues. It is possible that the accumulation of lymphoid cells in the intercaruncular endometrium is associated with the presence of class I-positive chorionic epithelium; however, the method of tissue preser¬ vation that we used did not permit observations on the actual anatomical relationship between the two tissue layers. The difference in leucocytic infiltration between the caruncular and inter¬ caruncular endometrial tissues may also be due to a modulation of lymphoid cells in the uterus with the establishment of the placenta, such as those that occur during pregnancy in the sheep. In the sheep uterus, a unique population of granulated lymphocytes expressing CD45R antigen is present in caruncular and intercaruncular uterine epithelium during the oestrous cycle (Lee et ai, 1988) but is present only in the intercaruncular uterine epithelium and not in the placentome during pregnancy (Gogolin-Ewens et ai, 1989) .
The functional significance of lymphoid cells present at the maternal-fetal interface remains obscure. One possibility is that uterine class Il-positive cells are antigen-presenting cells (Elcock & Searle, 1985) or, more specifically, macrophages that produce interferons to combat against infections or secrete prostaglandin E-2 to modulate local immune responses (Tawfik et ai, 1986) . MHC class II antigens are also expressed on activated lymphocytes and a subpopulation of uterine class Il-positive cells may represent effector lymphocytes that possess the potential of mounting an immunological attack of the trophoblast or participants of the lymphokine-mediated pregnancy immunotrophism (Wegmann, 1988) . However, the activation state of uterine lymphocytes remains unclear. Evidence exists both for and against the presence of interleukin-2 receptors on uterine lymphocytes (Bulmer & Johnson, 1986; Kanzaki et ai, 1989; Parhar et ai, 1989) , and functions of these lymphocytes may be down-regulated during pregnancy due to action of immunosuppressive molecules released by the uterus and placenta into the maternal-fetal interface (Hansen et ai, 1989 ).
In conclusion, the results of this study indicate that the bovine trophoblast displays MHC class I antigens and is potentially antigenic to the mother. In addition, expression of the antigens in the placenta is regulated in a region-specific manner whereby a reduced expression of class I antigens on the extraembryonic membranes may allow protection against the maternal immune system.
